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ABSTRACT

A series of high profile laboratory accidents over the last seven years has increased the
academic community’s awareness of the importance of chemical risk assessment in
laboratories, both teaching and research. Because of the many different chemicals used
in laboratory work, these risk assessments require ready access to safety information
for a large number of chemicals. In order to provide researchers, educators and
students with electronic access to chemical health and safety information, PubChem
provides a “Laboratory Chemical Safety Summary” (LCSS) data view for thousands of
chemicals commonly encountered in laboratories
(https://pubchem.ncbi.nlm.nih.gov/lcss/).

The LCSS contains pertinent chemical health and safety data for a given PubChem
Compound record. This data is organized based on the format described by the National
Research Council in “Prudent Practices in the Laboratory: Handling and Management of
Chemical Hazards”. Information contained in the LCSS is a subset of the PubChem
Compound Summary page content, and includes information on flammability, toxicity,
exposure limits, exposure symptoms, first aid, handling, spill clean up and more.
These data are provided by various data contributors, including authoritative agencies
such as the U.S. National Institute for Occupational Safety and Health (NIOSH), the
Occupational Safety and Health Administration (OSHA), and the International Labor
Organization (ILO). Of special interest in this collection is specific “Stability and
Reactivity” information, which lists known chemical reactions between the chemical of
interest and other chemicals and chemical classes. This reactivity information often
extends beyond that found on Safety Data Sheets for the chemical of interest.

LCSSs are available for PubChem Compound records which have GHS (Globally
Harmonized System of Classification and Labeling of Chemicals) hazard classification
information from PubChem’s data sources. PubChem is actively recruiting this GHS
information from additional contributors in order to expand its LCSS coverage. If a
PubChem Compound record has an LCSS, the link to view it is provided at the top of
the Compound Summary page of that compound under the heading “Safety Summary”.
In addition, one can get the complete list of chemicals with an LCSS by visiting the
PubChem LCSS project webpage (https://pubchem.ncbi.nlm.nih.gov/lcss/) or by using
the PubChem Classification Browser

(https:/ /pubchem.ncbi.nlm.nih.gov/classification/). If desired, LCSS data can be
downloaded from the LCSS page for each compound, or in bulk from the PubChem
LCSS project webpage.
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INTRODUCTION

A series of high profile laboratory accidents over the last seven years has increased the
academic community’s awareness of the importance of chemical risk assessment in
laboratories, both teaching and research. These accidents are described in two reports
from the US Chemical Safety Board!.2 addressing chemical safety in education settings
and research labs. Approaches to laboratory chemical risk assessment have been
suggested by the American Chemical Society’s Committee on Chemical Safety.? Many
different chemicals are used in laboratory work and these risk assessments require
ready access to safety information for a large number of chemicals.

In order to support this risk assessment process by providing researchers, educators
and students with electronic access to chemical health and safety information,
PubChem#*8 (https://pubchem.ncbi.nlm.nih.gov) provides a “Laboratory Chemical
Safety Summary” (LCSS) data view (Figure 1) for thousands of chemicals

(https:/ /pubchem.ncbi.nlm.nih.gov/Icss/). This format is intended to supplement the
more traditional MSDS by providing a concise view of data types most relevant to use of
chemicals as described in the OSHA lab standard.®

NIH NLM National Center for Biotechnology Information

Pub@hem |c.cysre
LCSS sat.ay:gmwyr:cmaoza Loowrioas  Beint s @rep
PUBCHEM > COMPOUND > TETRAHYDROFURAN 3 LCSS Read about the LCSS project 8
PubChem CID: 8028
Chemical Names: TETRAHYDROFURAN; Oxolane; Furanidine; Butylene oxide; 109-99-9; Furan, tetrahydro.
Q Molecular Formula:  C.HyC
Molecular Weight: 7210572 g/mo!
© Contents « GHS Classification

Identifiers

CAs

InChl

INChI=1S/C4H80/c1-2-4-5-3-1/h1-4H2

Figure 1. A partial screenshot of the Laboratory Chemical Safety Summary (LCSS) page for tetrahydrofuran (CID 8028)
(https://pubchem.ncbi.nim.nih.gov/compound/8028#datasheet=Icss).

PubChem is a chemical information resource developed and maintained by the U.S.
National Institutes of Health. PubChem consists of three primary databases: Substance,
Compound, and BioAssay. The Substance database

(https:/ /www.ncbi.nlm.nih.gov/pcsubstance) stores chemical substance descriptions
submitted by individual data contributors. The Compound database

(https:/ /www.ncbi.nlm.nih.gov/pccompound) contains unique chemical structures
extracted from the Substance database. The BioAssay database

(https:/ /www.ncbi.nlm.nih.gov/pcassay) archives descriptions and results of biological
assay experiments. Records are cross-mapped between the three databases as
described in more detail elsewhere.45

Fall 2015 ACS CHED CCCE Newsletter 2


http://www.acs.org/content/dam/acsorg/about/governance/committees/chemicalsafety/publications/identifying-and-evaluating-hazards-in-research-laboratories.pdf
https://pubchem.ncbi.nlm.nih.gov/
https://pubchem.ncbi.nlm.nih.gov/lcss/
https://www.osha.gov/SLTC/laboratories/standards.html
https://pubchem.ncbi.nlm.nih.gov/compound/8028#datasheet=lcss
https://www.ncbi.nlm.nih.gov/pcsubstance
https://www.ncbi.nlm.nih.gov/pccompound
https://www.ncbi.nlm.nih.gov/pcassay

75

80

85

90

This conference paper describes PubChem’s LCSS data view, including compound
coverage, data contents, web accessibility, and download-ability. This paper also
describes ongoing community efforts to apply the LCSS to build chemical safety
information systems at academic institutions.

PUBCHEM LCSS COVERAGE AND CONTENT

LCSSs are available for PubChem Compound records that have hazard classification
information based on the Globally Harmonized System of Classification and Labeling of
Chemicals (GHS)10. This system is an international standard that establishes technical
criteria for classifying chemicals according to their health, physical, and environmental
hazards (Figure 2). In addition, GHS defines hazard communication requirements for
product labels and safety data sheets. Thus, the GHS provides a global basis for the
harmonization of rules and regulations on hazardous chemicals, thereby improving
regulatory efficiency and facilitating international trade. The GHS is still in the “roll-out”
stage in the U.S. and thus some chemical suppliers have not fully updated their
information to meet GHS requirements.

GHS Physical Hazard Pictograms

Flammables Oxidizers Corrosives | Explosives
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Figure 2. GHS pictograms and hazard classes (provided by Ralph Stuart)
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As of October 2015, PubChem has collected GHS hazard classification information for
more than three thousand compounds, primarily from two data sources: (1) the
International Chemical Safety Cards (ICSC) database!! at the International Labour
Organization (ILO) and (2) Regulation (EC) No. 1272/200812.13 (a European Union
regulation for classification, labelling and packaging of substances and mixtures). A
third source of GHS classification information from the National Institute of Technology
and Evaluation in Japan is being processed at the time of this writing.

NIH [YY] National Center for Biotechnology Information
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PUb@hem 'E;HEMISTR\/ Search Compounds Q
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PubChem CID: 8028
TETRAHYDROFURAN; Oxolane, Furanidine; Butylene oxide, 109-99-9; Furan

Q Chemical Names: tetrahydro-: | More

Molecular Formula: C4H:0

Molecular Weight: 72.10572 g/mol

InChi Key: WYURNTSHIVDZCO-UHFFFAOYSA-N

UNII: 3NSFZZ6PY4

Safety Summary: Laboratory Chemical Safety Summary (LCSS) I

Modify Date: 2015-10-10

Create Date: 2005-03-26

Tetrahydrofuran is a clear colorless liquid with an ethereal odor. Less dense than int 6 °F. Vapors are heavier than air

ysical Description from CAMEO Chemicals

Link to the Laboratory Chemical
Safety Summary (LCSS) page

© Contents « 2D Stru
12D Structure

2 3D Conformer

3 Names and |dentifiers

4 Chemical and Physical Properties

5 Related Records

6 Chemical Vendors

7 Pharmacology and Biochemistry

8 Use and Manufacturing / \
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10 Safety and Hazards

11 Toxicity

12 Literature @ Magnify
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14 Biological Test Results

15 Classification
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16 Information Sources

Figure 3. A partial screenshot of the Compound Summary page for tetrahydrofuran (CID 8028)
(https://pubchem.ncbi.nim.nih.gov/compound/8028). If a compound has hazard classification information based on the
Globally harmonized system of Classification and Labeling of Chemicals (GHS), the Compound Summary page for the
compound has a link to the laboratory Chemical Safety Summary page under the heading “Safety Summary”.

When a PubChem Compound record has an LCSS, the link to view it is provided at
the top of the Compound Summary page of that compound under the heading “Safety
Summary” (Figure 3). One can obtain the complete list of chemicals with an LCSS by
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visiting the PubChem LCSS project webpage (https://pubchem.ncbi.nlm.nih.gov/lcss/)
or by using the PubChem Classification Browser
(https://pubchem.ncbi.nlm.nih.gov/classification/) (Figure 4).

= NCBI
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Browse PubChem da|
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Search sel d classification by

PubChem - Keyword ~ Enter desired search term Search

Classification description (from PubChem)

This classification was created automatically from the PubChem Compound TOC on 2015/08/06.

Note that in some cases a number of highly populated nodes - those for which all or nearly all IDs have information - have been left out of the tree

The sections, along with their child subsections, that are not shown in this tree are: Computed Properties, Substance Categorization Classification, Computed
Descriptors, [) Cupplied Synonyms, Removed Synonyms, Create Date, Modify Date, Record Title, Related Compounds, Related Compounds with
Annotation, i} Etances, 20 Structure, 3D Conformer, and Chemical Vendors. More

Data type Nt isplay Display zero count nodes? Filter by Entrez History
ACl No Choose one

Browse PubChem Tree

= PubChem Compound TOC ? 23,173,396

Biologic Description | 2

Biclogical Test Results 2 2,090,746

Biomolecular Interactions and Pathways ? 42,495

Chemical and Physical Properties ? 54,268
Classification ? 13,992,924

Drug and Medication Information ? 6,371

Identification 2 4,851
Literature ? 325,348

Names and ldentifiers 2 198,172
Patents ? 16,692,157
Pharmacology and Biochemistry ? 20,701

Preparation and Reactions  ?

Related Records 7 3,794,971
Iv Safety and Hazards  ? 10,298 I

Accidental Release Measures ? 6,774

Exposure Control and Personal Protection 7 4,228

Fire Fighting Measures ? 2,714

First Aid Measures 2 1,792

Handling and Storage 7 4,217
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Exposure Hazard ? 46

Eye Hazard ? 1,401

Fire Hazard ? 1,723
Fire Potential 7 1,843

s Gstimon + 3778 | Compounds with LCSS

Hazards Summary ? 489

HealthHazard ? 4,225

Figure 4. A partial screenshot of the classification browser (https:/pubchem.ncbi.nim.nih.gov/classification/). The
complete list of compounds with an LCSS page can be obtained by choosing the following options: PubChem Compound
Table of Contents (ToC) — Compound — Safety and Hazards — Hazards Identification — GHS Classifications.
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The LCSS contains chemical-specific health and safety data for a given PubChem
Compound record, based on the format described by the National Research Council in
“Prudent Practices in the Laboratory: Handling and Management of Chemical Hazards”.14
Figure 5 shows information contained in the LCSS and its data sources. The LCSS
includes information on flammability, toxicity, exposure limits, exposure symptoms,
first aid, handling, clean up and more. These data are provided by various data
contributors, including authoritative agencies such as the U.S. National Institute for
Occupational Safety and Health (NIOSH), the Occupational Safety and Health
Administration (OSHA), the Environmental Protection Agency (EPA), the National
Oceanic and Atmospheric Administration (NOAA), and the ILO.

N

Data contents in PubChem He;"h LTI
ymptoms [NIOSH]
Laboratory Chemical Safety Summary (LCSS) Carcinogen [ATSDR, HSDB, OSHA]
=4 Exposure Routes [ICSC, NIOSH]
> As of October 30,2015 Target Organs [ATSDR, NIOSH]
»  Abbreviations in brackets indicate data sources. Cancer Sites [NIOSH]

Fire Hazard [ICSC]
Explosion Hazard [ICSC]

GHS Classification [CLP, ICSC] Exposure Hazard [ICSC]
Synonyms [PC] Skin Hazard [ICSC]
Identifiers Inhalation Hazard [ICSC]
PubChem CID [PC] Eye Hazard [ICSC]
CAS [DRGBNK, EPA-CDR, ICSC, NIOSH, OSHA] Ingestion Hazard [ICSC]
InChl [PC] Hazards Summary [ATSDR, EPA-AT, HSDB]
InChi Key [PC] Fire Potential [HSDB]
Physical Properties Skin, Eye, and Respiratory Irritations [HSDB]
Physical Description [CAMEO, EPA-CDR, ICSC, NIOSH, OSHA] First Aid
Odor [HSDB] Fire First Aid [ICSC]
Boiling Point [CAMEO, DRGBNK, HSDB, ICSC, NIOSH, OSHA] Explosion First Aid [ICSC]
Melting Point [CAMEO, DRGBNK, HSDB, ICSC, NIOSH, OSHA] Exposure First Aid [1CSC]
Flash Point [HSDB, ICSC, NIOSH, OSHA] Inhalation First Aid [ICSC]
Solubility [CAMEO, DRGBNK, HSDB, ICSC, NCI, NIOSH] Skin First Aid [ICSC]
Density [CAMEQ, HSDB, ICSC, NIOSH, OSHA] Eye First Aid [ICSC]
Vapor Density [CAMEOQ, HSDB, ICSC, OSHA] Ingestion First Aid [ICSC]
Vapor Pressure [CAMEO, HSDB, ICSC, NIOSH, OSHA] Flammability and Explosivity
Auto-Ignition [HSDB, ICSC] Flammability [HSDB, NIOSH]
Decomposition [HSDB, 1CSC] Lower Explosive Limit (LEL) [NIOSH, OSHA]
Corrosivity [HSDB] Upper Explosive Limit (UEL) [NIOSH, OSHA]
Odor Threshold [HSDB] NFPA Hazard Classification [HSDB]
Toxicity Data NFPA Fire Rating [CAMEO, OSHA]
Toxicity Summary [DRGBNK, HSDB] NFPA Reactivity Rating [CAMEQ, OSHA]
Human Toxicity Values [HSDB] NFPA Health Rating [CAMEO, OSHA]
Non-Human Toxicity Values [HSDB] NFPA Other [CAMEO, OSHA]
Exposure Limits Critical Temperature [HSDB]
Immediately Dangerous to Life or Health Concentration [NIOSH, OSHA] Critical Pressure [HSDB]
Recommended Exposure Limit (REL) [NIOSH, OSHA] Stability and Reactivity
Permissible Exposure Limit (PEL) [NIOSH, OSHA] Reactivities and Incompatibilities [HSDB, NIOSH, OSHA]
REL-Time-Weighted Average Concentration (REL-TWAC) [OSHA] Storage and Handling
REL-Short-Term Exposure Limit (REL-STEL) [OSHA] Safe Storage [ICSC]
REL-Ceiling (REL-C) [OSHA] Storage Conditions [HSDB]
PEL-Time-Weighted Average Concentration (PEL-TWAC) [OSHA] Protective Equipment and Clothing [HSDB]
PEL-Short-Term Exposure Limit (PEL-STEL) [OSHA] Personal Protection [NIOSH]
PEL-Ceiling (PEL-C) [OSHA] Respirator Recommendations [NIOSH]
Threshold Limit Values [HSDB] Nonfire Spill Response [OSHA]
Occupational Exposure Limits [ICSC) Cleanup and Disposal
Effects of Short Term Exposure [ICSC] Spillage Disposal [ICSC]
Effects of Long Term Exposure [ICSC] Cleanup Methods [HSDB]
Explosive Limits and Potential [HSDB, 1CSC) Disposal Methods [HSDB]
Radiation Limits and Potential [HSDB] Additional Considerations
Acceptable Daily Intakes [HSDB] Toxic Combustion Products [HSDB]
Allowable Tolerances [HSDB] Other Hazardous Reactions [HSDB]

< Data Source Abbreviations

* ATSDR CDC ATSDR Toxic Substance Portal + HSDB Harzardous Substances Data Bank

* CAMEO =NOAA CAMEO Chemicals + ICSC = ILO International Chemical Safety Cards
+ CLP = Regulation (EC) No 12 1272/2008 + NCIID = NCI Investigational Drugs

* DRGBNK = DrugBank + NIOSH = NIOSH Pocket Guide

+ EPA-AT =EPA Air Toxics * OSHA = 0SHA Occupational Chemical DB

* EPA-CDR = EPA Chemical Data Report + PC = PubChem

Figure 5. Data contents included in the PubChem Laboratory Chemical Safety Summary (LCSS) at the time of writing.

Of special interest in the PubChem LCSS collection is specific “Stability and Reactivity”
information. These entries list hazardous chemical reactions that have been reported
between the main chemical in the record and other chemicals and chemical classes.
This information is of varied specificity, but often extends beyond that found on Safety
Data Sheets (SDS) for the chemical of interest.
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VIEWING AND USING DATA IN PUBCHEM LCSS

No one source contains all relevant safety data reported for a chemical and the compiled
view of data from several sources provided by the LCSS is convenient and reduces time
searching. However, there are many caveats to working with chemical data from any
source, especially in an aggregated system where the information is usually cited as in
the original source. It is important for the user to verify that the data they are viewing
pertains to the form of the chemical that they care about. They may need to review
multiple sources to ascertain the extent of data variability.

Chemical information notation varies among sources, which complicates further
validation and analysis of the data. For example with names or name-structure
associations: general entries on acetic acid may be further specified in some sources as
the tri-hydrate form; the structure for formaldehyde may retrieve data about the gas
form as well as the saturated water solution, formalin, which may or may not also
contain methanol as a stabilizer. Units, conversions and conditions for measurement
also vary widely, such as boiling points reported in deg C, or °F, at mmHg or atm, etc.
All of these variables impact the utility of the data for any purpose.

Direct access to the source of each data entry in the PubChem LCSS is provided by a
link next to the data presented. This makes establishing the credibility of the data easy.
This feature is important because PubChem only aggregates and reports the
information from its sources and does not check accuracy of most properties. For
example, for some chemicals, different flashpoints are reported from different sources.
These differences may represent different protocols for determining the property at
hand, or they may represent errors in the data collection, or perhaps just a typo in the
original source. It is the responsibility of the user of the data to make an assessment of
whether the data presented is of sufficient accuracy and appropriate for their purpose.

LCSS data can also be downloaded helping to enable additional annotation of the data
to specific procedures in place at an institution. Pilot projects for using LCSS data to
improve local chemical inventory systems are underway at several campuses in the U.S.
There are many options for accessing the data, including downloading records from the
LCSS page for each compound in several formats (JSON, XML, etc.), or in bulk as an ftp
from the PubChem LCSS project webpage. Additional relevant information contained in
the PubChem Compound database, such as molecular weight, molecular formula, etc.,
can be accessed programmatically through a Representational State Transfer (REST)-
like interface called PUG-REST15, allowing one to automate the local LCSS annotation
process with additional data from PubChem.

FUTURE DIRECTIONS

The most immediate priority for improving the PubChem LCSS collection is increasing
the number of chemicals covered. This will be driven by identifying sources of GHS
classification data for chemicals. The most likely sources for such data are chemical
suppliers, particularly for those chemical suppliers who specialize in laboratory
chemicals. Supplier generated safety sheets may not cover all data types relevant to
laboratory use as part of the routine process of bringing a chemical to market. For this
reason, it will also be important to continue expanding the number and diversity of
additional authoritative public data sources (for example, government agencies and
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professional organizations similar to those currently represented in the database) to
further enrich the LCSS data view.

A second area of development is looking into opportunities to improve the annotation
and classification of the health and safety data in PubChem LCSS. Currently much of
the information valuable for risk assessments is locked in strings of text from the
original sources. Efforts are underway to develop vocabularies for richer indexing of
entries by relevant safety concepts, such as exposure routes and incompatible storage
conditions. Chemical structure classifications are in development to support reactivity
fingerprinting and predicted incompatibilities.

The third area for improving PubChem LCSS usability is the development of
documentation and materials that describe how to most effectively use the information
available. Supporting these services is an ongoing collaborative effort among academic
librarians, educators, health and safety professionals and information scientists. Such
collaborations are actively underway in the work of several professional organizations,
particularly the technical divisions of the American Chemical Society that represent
those stakeholders. The collaboration of these professional communities can help make
the PubChem LCSS data an important asset to support laboratory safety in the 21st
Century.

DISCLAIMER

The LCSS provided by PubChem is intended to augment, not replace, safe laboratory
practices and procedures for chemical information, such as those found in chemical
inventory management systems or laboratory-specific personal protective equipment
information. It is the responsibility of PubChem users to determine applicability of or
gaps in the LCSS information to support safe use of a chemical. In addition, laboratory
risks can arise not only from the specific chemicals used, but also from 1) changes in
the concentrations and quantities of those chemicals, 2) new chemicals that are
produced, 3) energy sources that occur during a laboratory process, among other
variables.

Although we are not aware of any limitations or restrictions on the reuse of PubChem
LCSS data, we are not able to give unconditional permission for reuse and advise
consultation with intellectual property experts when reusing this data. For more
information, please see the disclaimer available at
https://www.ncbi.nlm.nih.gov/home/about/policies.shtml.
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